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Two-components material point

Fig.1

Pm(X7 t) — P1 (Xa t) + pQ(X: t)

P*m,‘(x, t)vm (X:& t) —P1 (X*} t)V]_ (X*z t)_i'ﬁz (X: t)VQ (X: t)

Intercomponental interaction -R | heat exchange - K(Tl _Tz)
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Mass conservation law

For medium

0
$+V«<pmvm>=o

For each component

dp1
ot

dp2
Ot

X - the source of mass

FV-(p1V1) = x

FV - (p2V2) =—x



http://www.abbyy.com/buy
http://www.abbyy.com/buy

Momentum conservation law

For medium

| dVv dVo
V ‘Tm‘l'ﬁmFm — ﬁ1_1'+p2ﬁ+x (Vl — VQ)
For each component qv
1
V-ri14+pF14+Q=p1 oy FxVi
dV,
V‘72+P2F2“Q—PQW“XV2

Total stress and external forces

Tm =T1+ 72, 71 =711(e1,...), To = 12(€7,...)
pm Fm = p1 F1 4+ p2 Fo
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The equations of the balance of energies

Pl[dlU1 +V,-VU,

1
dt 271"VV1+§Q'(V2_V1)_

1
—-V-h + 0,0 + ¥ [Evl -V _Ul]_Q

Pz{dzuz +V, VU,

1
- =1, VV, +2Q(V, - Vi) -

1
~V-h, + 0,0, + X [_Vz -V, =U,

2 +Q
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The second law of thermodynamics

d
a(J) Pl s (\£>

d
a(\&pzSZdV ) (\!)

_plql + Q

0,

_pzqz Q

0,

0,

h
—4 — P VS,

dV—jn-
(S)

dV—jn-

0,

V)

_h2

dS

P,V,S, |dS
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Models of materials

The particles balance equations Mass balance

677,1 p1 = miny, P2 = MmNy 8{)1

+ V.- (n1vy) = Ji2 + V- (p1V1) = x12

ot ot
o7 — V002
8t2+V°(n2V2) = Jo1 pm = p1+ p2, 5 + V- (p2v2) = x21
h PmVm = p1V1 + p2Vvo A
p2 K p1 : p1 + po1é1 = —ap1 + bpo
X12 = —X21 = —ap1 + bpo p2 = ap1 — bpo ﬂ
. k. _ .
01 = “m o1 |:> o+ (a -+ b)O’ = k(p()lel - b€1>

The Kelvin model
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Influence of source terms on stress - strain state
by chemical reaction

Let the medium B with the density Ps, after a chemical reaction

go into the medium A with the density O,

Suppose that at the first approximation the chemical reactions do
not depend on the stress state. That’s why we can assume that

sources J g, and X ag in the balance equations are known.

( 0Py
ot

0P 4
. Ot

+V{(pgVg) = _ZBAIOBO

+VI{(ppV,) = )-CABIOAO

AeaPBr0 = XasPao
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For the one-dimensional case

(Op, O
B . .
| P +@X (PsVs) = XeaPB,
op, O .
+—(PaVa) = XneP
ot ox AV A ABF A,
Suppose that in both media the spherical part of Cauchy stress tensor
dependson &,; =1- 'O?OE;
Pag
Pr
Og =0,|1- 0
Pr
<
P
Op =05 1-—5
Pa
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Density Og we shall seek in the form

Ps = Pe1 t Pg

= _ZBAPBO — Pg1 = ~XeaPr, T Cs

From initial conditionsat £t = 0 we have

Pe1(0) = pgor  2ea(0)=0, Cg=pg,

Then

Py = (1- ZBA)PBO
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For pg we have
P,
ot

O -
+ x [(pBl +pB)VB] =0

At the first approximation by neglecting of ,55 in comparison with  Pgq

op 19 19
gtB = _&[pBlvB] = _&[(1_ ZBA)VB]:OBO

If XBa is not depending on X : :55 = —Pgo (1—)(BA)£‘B

t t
Pg = _pBOj(l_ZBA)éBdT = ~Pgo (1_ZBA)83 (x,1) "‘jZBA‘%dT
0 0
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t
Ps = Ppgo 1_)(BA — (1_7(BA)5|3 (x,1) _IZBAgBdT
0

Then the equation of state for medium B

t
Og =O0g| Xpa T (1_ZBA)EB (X1t) "‘IZBA‘%dT
. 0

Without of sources Xpga — O the equation of stateis Op (55)

Let’s note that the density Oy can turn into 0 atmoment t

(1_%BA)(1_55 (x,1)) _J‘ZBAgBdT =0
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Pr = XnsPro TCa ’OAl‘t:O =0 =C,=0
Par = XasPao
0P 4 %)

P .
=——|puVa] = _&[ZABVA]IOAO = “Proéakns

t
Pa=PutTPr=Pno| Xns(L—EL) +_“ZABgAdT
0
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Thus there are two equations for the determination of the densities
of components A and B  for given source Xga

t
Pe _ L— ye)A—&5 (1)) _IZBAgBdT
Pgo 0

t
La — ZBA(]-_‘C;A(X’t)) +IZBA8AdT
Pgo 0

Equations of state for two components
t
Og = O («95 (X, 1) + Kea(1—&5(x,1)) +j xBAEBdfj
0

{
Oy = 0| Xas€a(X1) +1= xga _IZABgAdT
0
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or in case of linearization

t
o Ky | €5 (X 1) "‘)(BA(]-_SB (x,1)) +J‘ZBA‘C"BdT:|
0

(
Xas€a(Xt) +1= Y45 _IZABgAdT
0
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Two main source terms

x=oa-(T _To)

o=k, (e—a-(T-T,))
0P
ot
P =—Pp(e—a(T =T)))

T Pa &= (O{T)DpAO

o=k, (1-LA) =K, (¢ —a(T -T,))
P,
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Static diagram

o

4e+H19

S e S e e Dl e e D B S D D B D
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Two-component one-dimensional model of a
thermo-elastic material of complex structure

Basic equations of one-dimensional model

801 o°u,
99 _ Ee_R=0
) ox P !
0o, o°u,
— F,+R=0
| OX P2™ 5
07, T o%u,
E(x —_——
| P e T vl U USE)
0°T, aT o’u,
—E,0,0, 92— ph, +x(T,-T
T Py oot P2 (-T2
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o, =E (&~ (6,-6,)) k=1,2

| El%—pl%— Elal%+ pFF—R=0
2 2
E, Z;; b, 5&‘12 _E,a, %+ p,Ff+R=0
Hee R =R/(u —u,)+ RZ(% —%)
Tk — Hk —0,, 0, - thereference temperature
R . the force of intercomponental mechanical interaction

Q — K(Tl _Tz) — intercomponental temperature interactions.
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On schedules T2 ,VZ are distinctly observed oscillations which frequency is equal

to frequency of partial fluctuations of the second component on elastic bonds R1

and it is approximately estimated as  f — 1 R ~ 1 0.741-10° ~1.18-10°% Hz
2r\ p, 2«

1.4e+H191
1.2e+H191

Te+H191

omega  Se+Hl51
Be+HlE

4a+Hl5

2eHIE

U " 2gooo 0 400000 BOOOO S0000 100000
alpha
Fig. 6 Dispersive curves
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Features of behaviour of two-component model
under the action of non-stationary loadings

E P
- AMA—O AN —O— -
N N
1 AW~
—3] _:I_R2 —=

u u . . .

0 1_ 0 2 - force interaction of the material

ot ot components is supposed to be linear
elastic-viscous.
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Model of deformable two-componental thermoelastic
one-dimensional rod

0,,(0.0) 6,,(L.0)

Problem of statement of boundary conditions?
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Pulse temperature loading of a semi-conductor crystal (a Si sample)

0 . : :
At very low temperatures ( = 4,2°K ) itis possible the generation of wave
fluctuations of temperature

A =0, A, #0

Density of silicon is

kg
o~ 2.33-10° o

The atom of silicon has 14 electrons.
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The distribution of a wave thermo-mechanical
pulse in a crystal semi-conductor Si sample.

Estimation of parameters of the two-component model

- Specific thermal capacity (at 20 — 100 0C ) ~ 800 J / kg K

kg K kg K
- Heat conductivity (at 25°C)  ~ 84 +126 W
m K
W W
~0——, A, #0——
A mK' ° mK

- Temperature factor of linear expansion for silicon at normal temperature

N
a~233-10°1/K E ~109-10° 7
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Temperature factor of linear expansion for silicon at normal
temperature ¢ ~ 2.33-10° 1/ K.
At temperature lower 120 K this factor becomes negative.

For modelling (behind absence of more detailed information) it is
accepted ¢, ~2.33-10°1/K, a, ~2.33-10°1/K

. . . N
The elasticity module of silicon at normal temperature is E ~109-10° —
m

For two-component model it is accepted .
E2 # 0 means presence of own elasticity arising due to polarization of
electric fields at displacement of electronic environments of atoms of

silicon.
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kg

Density of siliconis p = 2.33-10° —5 . The atom of silicon has 14
electrons. They settle down on 3 envirponments: 2-8-4, on last environment
are 4 electrons. Most likely, these last electrons "form" the second deformable
component of considered two-component model. Probably, this statement will
demand correction. Generally speaking, it is possible to think of formation of
the second component by amount of electrons from 1 up to 14. Weight of a
nucleus of atom of silicon is . Weight of electrons involved in formation of the

second componentsis 911.107* +1.275-10 kg -
According to it the densities of components of model could be accepted as

5 ~23310°X9  , ~0.0454-063552 At the rate of 4
! m® ? m®

electrons, forming the second component we have the density of the

K
component  p, = 0.182 —%Parameters of model accepted here to
m

consideration have ratio among themselves, close to a reality.
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Modules of elasticity and mass density define the next velocities of distribution of

wave pulses on both components V, & 13700 > V, 6350 V, = 2V1-

Concerning factor of an intercomponental temperature exchange there are no

data (reasons), most likely in conditions of the absence of free electrons for

W
m°> K

At a choice of factor of intercomponental force interaction R, , probably, it is

modelling it is necessary to accept factor x closetozero x ~()

K
necessary to be guided p, =~ 0.182 _93 by value of the frequency
m
f ~1.18-10° Hz of partial fluctuations of the second component

respecting the first. If to accept and be guided by frequency for factor of elastic

: : : L 17
intercomponental interaction the estimation R, ~1-107 — turns out.
m
Concerning factor of force viscous interaction of the components R, while is
NS

not present precise reasons (assumptions), therefore we shall put R, = 10° —
m
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It is supposed, that the loading of an one-dimensional sample

O<x<|~55 .]_0‘3 m atan end face X = () itis carried

out by a short-term temperature pulse

oT
Tilco :Tlo(H (t)_H(t—T)), 8_)(2 -0
x=0
oT
TZ‘x:o :Tzo(H (t) - H(t—T)), 8_)(1 -0
x=0
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—\WWH
3 el [=

Fig.4 Structural - rheological circuit of one-dimensional two-component
object with properties of non-metal
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For modelling it is supposed to accept &; = 2-33'10_9,062 =2.33-10"°

The temperature pulse T,| _, = T, (H (t) = H (t — 7)),

T, {arb.units)

I
o

oT,
0 X

Xx=0
8,0x107
0,20 7,0x10” “
W 6,0x107
0,15 T
. 500107
8 ]
5  40x0"
0,10 g ]
f‘“ 3,0x107 H
005 200107 depegnding on time|.
1,0x107
0,00 0,0 M -J t L
T e e e e -1,0%107 T T T T T T T 1
-1.0x107 0.0 1,0x107 201107 3,0x107 4,0x107 5,0x107 6,0x107 7,0x107 A40x107 00 1,0x107 2,0x10” 3,0x107 4,0x107 50x107 6,0x107 7.0x10”
X Axis Title t

Fig. 4 Temperatures of the first and second components
of sequence of sections X~0, X1l X~2, X=3 X~4 X=~bmm



http://www.abbyy.com/buy
http://www.abbyy.com/buy

8,0x10™ -

0,008
7,0x10° 1 n q ﬂ
6,0X1 073 I 0,006 -
. 5,0x10° -
= 1 =
= =2 0,004
S 40x10° 5
g - g
=~ 3,0x10° N
> ) > 0,002
2,0x10° ] \
1,0x10™ 0,000 | d
0,0
71 0,002 T T T T T T T T T T T T T T T 1
-1,0x10° —F—F——F—+— 71— +—71—+— 1,0x107 0.0 1,0x107 2,0x107 3,0x107 4,0x107 5,0x107 6,0x107 7.0x10”
A4.0x107 0.0 1,0x107 2,0x107 3,0x107 4,0x107 50x107 6,0x107 7,0x107 t

t

Fig. 5 Velocities of the first and second components of sequence of
sections X~0,X=1 X=2,X=3, X~ 4, X~5mm depending on time.
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On schedules T2 ,VZ are distinctly observed oscillations which frequency is equal

to frequency of partial fluctuations of the second component on elastic bonds

R 1

and it is approximately estimated as  f —
27\ p,

1.4e+H191
1.2e+H191

Te+H19

omega  De+Hl51
Be+Hl3

deH13

ZeHlE1

1

~S

20000 40000 GOOD0 80000
alpha

Fig. 6 Dispersive curves

100000

0.741-10° ~1.18-10° Hz
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The speed of distribution of a wave temperature pulse in the first component
. _ _ E
according to schedule Fig. of 4 is more as the value vV, = —L _ The reason
P1
consists that at adiabatic process of a heat transfer 2’1 ~( speedis

approximately determined by expression that for the accepted values of

parameters of model makes v, z\/i\/lﬂxlElLﬂo \71 ~ 1.23V1
P1 PG

In what kind the energy of laser excitation is transferred through a sample to

measuring bolometer in section X=|~5mm
. . . l 2 -1
kinetic energy of the first component K,= E'Olvl ~0.57-10

- kinetic energy of the second component K, = %szzz ~0.33-107°
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- thermal energy of the first component E..=cpl =042

- thermal energy of the second component E.,=c,p,T,~0.13-10°

For the reduced size of force interaction of components R, ~1-10%

insteadof R, ~ 1-10"

6,0x107 1
0,20 + 5,010
1 F F 1
depenginagpn tifne.
0,15 1 ]
3,0x107
i =
- 0.10 2,0x107
1,0x107
0,05
J J 0,0
0,00 | J |
-1,0x107 T T T T T T T T 1
—rr+—7—+—7—+— 00  1,0107 2,0x107 3,0x10" 4,0x107 50x107 6,0x107 7,0x107
00  1,0x10" 2,0x10" 3,0x107 4,0x107 50x10” 6,0x107 7,0x10” t

t

Fig. 7 Temperatures of the first and second components
of sequenceof sections X~0,X~1 X~2,X~3, X~4, X~5mm
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4,0x10° N

> 1 > 2,0x10°
3,0x10°

2,0x10% o 0,0
1,0x10” S

] -2,0x10° 1
0,0 -

B T T T T T T T 1
1.0x10° 00  1,0x107 2,0x107 30x107 4,0x107 50x107 6,0x107 7,0x10”
=1 T T T T T T T T T T T T T T 1

00  1,0x107 2,0x107 3,0x107 4,0x107 5,0x107 6,0x107 7,0x107 t

t

Fig. 8 Velocities of the first and second components of sequence of
sections depending on time.
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Use of the two-componental model of thermoelastic bodies
for the analysis of propagation of wave pulsesin a Si-sample,
excited by short laser impact

E, P1
— AWV—O O
T T

E, P:
Laser 5e+07;
beam x=0 x=L 4e+07"
— x omega 3e+071
____________________ ===> 2e+071
—_—
Te+07

0" "800 1000 1500 2000 2500 3000
alpha

Dispersion curves
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Use of the two-componental model of thermoelastic bodies
for the analysis of propagation of wave pulses in a Si-sample,
excited by short laser impact

x =0

Laser
Beam

 ——

x:

velocity disp (arb. units)

R i i i i i
0 0.2 04 0.6 0.8 1
time

Speed of end
sections of a sample

IS

N~
T

o
——

-3 e A |1 {14 VYRR R RCHEEVREALRER R R0 1T
I CRRCEEFT EEPRTREPRREEES X N ¥ 3 B B F(RE'E'E E'EEE RIH RIS B B N SRR
DA . 1
3 i i i i i
0 0.2 04 0.6 08 1 12
time X 10-5

Difference of speeds of

components In end section

temperature (arb. units)

Temperature of end sections
of a sample
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Systems of thermoelasticity- heat and
mass transfer-intercomponent exchange

equations
réZilzzpoggﬁé’ = Eoy” 1%-;;/K’
8?0 =g, —o,(T,-T,), glzzi;E,
aant_ } aax(D (T X1~ bey” )8_x] aix(DT o aaszj_

o a(gl’Tl)n_ + ﬁ(gl’Tl)n !

e Cuton =g Ton |- o0 )

N

0T 1 e
C,op—= 1 L—E T,—*
1P0 o T Mg T Ro e S0 T

_ 0T, 82T 0 (m) an‘
c,m._n =A +A,—| D (T, (1-Dbe — A, (T, =T,)
e -2 S 4, 0, bel”) B |- ar, - )

+ A,(T,-T,),
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Numerical simulation

o, €
0 X 1

o, (0,t)=(1-¢e"*")o,, a=Const, [ =Const

u,(x,0)=0, u,(1,t)=0, T =const,

) 1, xe U(a;,b,),
0)=C

on- an+

——(0,1t) =0, _
ax( t) ~ (0,1) =0,
on~ on’
—(1,t)=0, —
~ (1,1) ~ (1,t) = 0.

X, = 0.035, x, =0.044, x, =0.06, x, =0.07, X, =0.14
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o.(0,t)=06(t),

u,(x,0)=0, u,(1,t)=0, T =const,

n"(x,0)=C, n*(x,0)=0,
on- on’
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ax( ) ax( )

X, =0.035, x, =0.04, x;, =0.044, x, =0.06, x; =0.07
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Improvement of material structure
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